The main reason for intervertebral disc (IVD) degeneration is the decrease in the quantity and activity of IVD cells with subsequent reduction of the extracellular matrix (ECM). In this study, we investigated a cell-based repair strategy by injecting nucleus pulposus cells (NPCs) transduced with human bone morphogenetic protein (hBMP7) by adeno-associated virus-2 into the canine degenerative IVD to determine whether NPCs expressing hBMP7 could delay the degeneration of the IVD. Fourteen canines received annular punctures to induce disc degeneration. Eight weeks later, saline (group A), allogeneic NPCs (group B), or allogeneic NPCs transduced with hBMP7 (group C) were injected into the degenerative discs. Twelve weeks after the injection, MRI scan showed that the degeneration process of groups C was slower and less severe compared with that of groups B and C. The IVD stability in group C was superior to that in groups A and B in left-right bending and rotation. HE, safranin-O staining, and ELISA indicated that the degenerative degree of the IVD in group C was significantly milder than that in groups A and B. The study demonstrated that the implantation of NPCs-hBMP7 could effectively maintained the structural integrity, ECM, and biomechanical properties of the canine degenerated discs. Keywords: human bone morphogenetic protein 7 (hBMP7); canine disc degeneration model; disc degeneration; nucleus pulposus cells; cell therapy
Intervertebral disc (IVD) degeneration is the leading etiological contributor to lower back pain and dysfunction for individuals, 1 and can increase social, familial, and economic burden. Current treatments, which mainly include medications, physical therapy, 2, 3 intradiscal electrothermal therapy, 4, 5 and invasive surgical intervention, are limited to ameliorating symptoms and do not address the etiological problem. 6 The proteoglycan (PG) content of the IVD, which is regulated by IVD cells embedded in the extracellular matrix (ECM), plays an important role in the mechanical properties of the IVD. 7, 8 A reduction of the ECM leads to the progressive decrease in the quantity and activity of the IVD cells, which was thought to be the main reason for IVD degeneration. 9 Biological therapies (cytokine therapy, gene therapy, cell therapy, and tissue engineering strategies) have been suggested as promising and optional treatment methods for disc degeneration. These methods could regenerate or augment the population and activity of IVD cells with the goal of correcting matrix insufficiencies and restoring normal segment biomechanics.
Bone morphogenetic protein 7 (BMP7), a member of the transforming growth factor-b (TGF-b) superfamily, is known to stimulate cell viability and ECM production of nucleus pulposus cells (NPCs) in vitro. [10] [11] [12] Additionally, a single injection of BMP7 induced a significant increase in the disc height and PG content of the NP of IVDs in the rabbit model of normal and annular-puncture disc degeneration. [13] [14] [15] However, direct injection of BMP7 into the disc has limited effect because of the short biological half-life of the growth factor and its rapid run-off from the delivery site. 16 Furthermore, all of the previous studies used small animals as the experimental carrier. The difference between the IVDs of small animals and that of humans needs to be considered, as the IVDs of small animals have higher matrix water content, a greater distinction between annulus fibrosus and nucleus pulposus, and a larger number of notochordal cells that persist into older ages. 17 From this perspective, the therapeutic effect and experimental results were different between small animal models and large animal models or humans.
Cell-based delivery of growth factors is a promising treatment method because the modified cells have the potential for long-term expression of the protein product and may participate in the repair process within the degenerative disc. 18 We have already published our in vitro and in vivo work showing that canine NPCs transfected with the recombinant adenoassociated virus-2-mediated human BMP7 (rAAV2-hBMP7) vector could expressed the human BMP7 protein, and could survived in the allogenic transplanted IVD and produced a large amount of PGs and collagen type II, which was considered to have a potential role in preventing the degeneration of IVD allograft. 19, 20 Therefore, in this study, we try to investigate a cellbased repair strategy by injecting NPCs that were transduced with rAAV2-hBMP7 into the degenerative IVD of a large animal (canine) annular-puncture model to determine whether the gene modified NPCs (rAAV2-hBMP7-NPCs) could survived in the degenerative IVD and expressed hBMP7 to prevent the degeneration of the IVD (Fig. 1) .
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MATERIALS AND METHODS
Ethics Statement
The animal experiment protocols were approved by the animal ethics committee of Navy General Hospital (SYXK [Jun] 2002-011).
Source of Animals
Fourteen female canines (non-chondrodystrophic breeds), 1 year old, weighing 10-12 kg, underwent X-ray(4mA, 68 kV, GE) and MRI(3.0T, GE) examination to exclude any abnormal structure in the spine and to establish the baselines for X-ray and MRI before the annular puncture.
Establishment of Canine Disc Degeneration Model and Injection of AAV2-NPCs-hBMP7
Under general anesthesia (Ketamine,10 mg/kg, and Midazolam, 0.5 mg/kg), a left posterolateral retroperitoneal approach was used to expose the lateral surfaces of three discontinuous lumbar discs (L1-2, L3-4, and L5-6) to avoid interaction with the blood supply of the adjacent segment. A 16-gauge needle (1.65 mm) was inserted at the center of the nucleus pulposus through the annulus fibrosus (AF) into the NP, and then rotated 180˚and held for 5 s. The depth of the needle stab was controlled at exactly 7 mm. In all animals, a titanium clip was placed on the anterior side of the vertebral body as a marker to radiographically determine the level of injection. After the operation, radiographic analysis and MRI were performed weekly to assess the degeneration of the lumbar discs.
After moderate degeneration (Grade III, modified Schneiderman's score system 21 ) was observed in the lumbar discs in T2 weightings of MRI, the AAV2-NPCs-hBMP7 was prepared to be injected into the degenerative discs, which were divided into three groups. Group A, L1-2, was injected with 0.9% saline (50 mL); group B, L3-4, was transplanted with rAAV2-EGFP-NPCs (50 mL, 2 Â 10 5 cells); group C, L5-6,was transplanted with rAAV2-hBMP7-NPCs (50 mL, 2 Â 10 5 cells). The number of cells injected was chosen according to our previously study and Kenji's study. 19, 20, 22 Under general anesthesia, the anterior surfaces of the previously punctured discs (L1-2, L3-4, and L5-6) were exposed using a right posterolateral retroperitoneal approach. The rAAV2-NPCs-hBMP7, NPCs, and saline were slowly injected into the center of the NP of each group using a microsyringe (50 mL, Fisher). At 2, 4, 6, 8, and 12 weeks after injection, radiographic analysis and MRI were performed to evaluate the change in disc height and the hydration status of the IVDs.
NPC Culture and rAAV-hBMP7 Vector Transfection
The NP was obtained from a healthy 1-year-old canine under general anesthesia using strict sterilization techniques. After washing twice with PBS, the NP was collected and incubated with 0.5 mg/ml trypsin (type I, Gibco) for 20 min, then digested in 10 ml of 0.2% (v/v) collagenase type II (Gibco) at 37˚C for 2 h. The cell-collagenase solution was centrifuged at 1,000 rpm for 5 min. Cells were seeded in 100 ml culture flasks with DMEM/F12 media and cultured in a humid incubator at 37˚C with 5% CO 2 . Cells were fed twice a week and split routinely when nearing confluence.
Cells at passage 2 were transfected by the rAAV2-hBMP7 (AGTC, Co. Ltd, Beijing, China) or rAAV2 mediated enhanced green fluorescent protein (EGFP) gene vector (rAAV2-EGFP) as a control according to a previously described method. 21 The transfection method and the optimal MOI of 1 Â 10 5 was chosen according to our previous study demonstrating that this MOI produced the highest level of EGFP transgene expression.
19
AAV2-hBMP7-NPCs were cultured according to a routine technique and labeled with the PKH-26 labeling kit (SigmaAldrich, St. Louis, MO) for tracking under a laser scanning microscope (Bio-Rad Radiance 2100 TM confocal system in conjunction with a Nikon TE300 microscope). 23 The hBMP7 mRNA was analyzed by reverse transcription polymerase chain reaction (RT-PCR).
Radiographic and MRI Analysis
The pre-operative radiograph (4 mA, 68 kV, GE) and MRI (3.0T, GE) were used as the baseline measurement. After the puncture operation, the lateral decubitus position radiographs and MRI were carried out under general anesthesia at 2-week intervals up to 8 weeks when the puncture discs appeared to moderate degeneration (Grade III). After the injection operation, radiographic analysis and MRI were carried out at 4-week intervals up to 12 weeks.
Disc heights were measured on the digital radiograph system (AX AXIOM Aristos MX/VX, Siemens AG, Erlangen, Germany). All measurements on the plain radiograph were performed three times by three independent observers, and the mean of these measurements was taken. The disc height was expressed as the disc height index (DHI) using the method of Koichi Masuda et al.
14 DHI was used to evaluate the change in disc height at different times, calculated by averaging the measurements obtained from the anterior, middle, and posterior portions of the IVD and dividing that by the average of adjacent vertebral body heights (Fig. 2) .
The hydration status of the NP was reflected by MRI grayscale on a T2-weighted sagittal scan. The MRI images were reviewed by three independent raters, using the modified Schneiderman's score system. 21 We used Photoshop version 7.0 (Adobe, San Jose, CA) to determine the grayscale of the NP and the cerebrospinal fluid at the same level on a T2-weighted sagittal MRI scan. The grayscale of the NP was normalized against that of the cerebrospinal fluid, which was given an arbitrary value. The ratio value of the grayscale (RVG) of the NP to the cerebrospinal fluid was used to evaluate the degree of disc degeneration. 20 
Biomechanical Analysis
Four disc segments from each group were harvested, all residual musculature was removed, and all ligaments were preserved. The vertebral bodies of the disc segments were embedded in denture base resin, with the disc remaining outside. The biomechanical analysis was performed using a biomechanical machine MTS 858 Mini Bionix. To determine the multidirectional flexibility properties, multidirectional bending moments (flexion and extension [AE 3 Nm x-axis], left and right bending [AE 3 Nm x-axis], and left and right torsion [AE 3 Nm y-axis]) were applied to the superior end of the vertically oriented specimen. The multidirectional range of motion (ROM) of the IVD was measured three times and the mean was used for statistical analysis.
Human BMP7 mRNA Expression
To ensure that the target gene was expressed in the disc, RT-PCR was used to detect the presence of human BMP7 RNA. After biomechanical analysis, the intervertebral discs were divided into two parts. One part was used for RT-PCR analysis and the other was used for ectogenic NPC tracing. Total RNA was extracted using the RNA Easy kit (Tiangen Biotech Co. Ltd, Beijing, China) according to the manufacturer's instructions. RT-PCR was performed with Taq DNA Polymerase (Takara, Tokyo, Japan) using a pair of primers for human BMP7 with an expected product length of 564 bp (forward primer: hBMP7-F: 50-AGATAGCCATTTCCTCACCG-30, reverse primer: hBMP7-R: 30-GTTCTGCGGGTTCTTGGT-50). Canine glyceraldehyde-3-phosphate dehydrogenase (dGAPDH) was amplified as an internal control for RNA loading (Gen-Bank accession number: L-23961; forward primer: GAPDHF:
50-GATGCTGGTGCTGAGTATGT-30, reverse primer: GAPDH-R: 30-GAAGCCGTAGCACCTC-50, expected product length: 252 bp). RT-PCR products were separated in 1.5% agarose gel.
Evaluation of Transplanted Cell Survival by Fluorescent Microscopy in Vitro
Four halves of the IVDs in each group were used to assess the transplanted cell survival. The NP tissues were separated from the disc, frozen in tissue-freezing medium (Fisher Scientific, Pittsburgh, and PA), and sectioned at 15 mm in a transverse plane from each disc. The transplanted cell survival in the discs in the experimental group (group C, rAAV2-hBMP7-NPCs) was assessed with fluorescent microscopy by observing cells that were stained with PKH-26 (Sigma-Aldrich). The lipophilic dye PKH-26 is a nonradioactive substance with no known cellular toxicity, and its red fluorescence stains the cell membrane for several months and transferred only to daughter cells. 23 A decrease in potential would signal that there was a drop in the energy status of the cells, possibly linked to the induction of apoptosis. The expression of EGFP also was documented in the control group discs (group B, rAAV2-EGFP-NPCs).
Histological Evaluation
Four IVDs from each group were immersed in cold 10% neutral buffered formalin, decalcified, embedded in paraffin, sectioned, and assessed by conventional histology and immunostaining. Midsagittal sections (5 mm) of each IVD were stained with either hematoxylin and eosin (HE) or safranin-O. The histological sections were analyzed and graded using the protocol established by Masuda K et al. 15 
Biochemical Analysis
The biochemical composition (proteoglycan, collagen I, and collagen II) of six IVDs from each group were assessed with enzyme-linked immunosorbent assay (ELISA). The NP was collected carefully, weighted, and cut into 1 mm 2 pieces. Subsequently, these pieces were homogenized in homogenization buffer (100 mg of tissue per mL of RIPA lysis buffer) with a homogenizer in an ice bath. The homogenate was centrifuged (3000 r/min) for 10 min, and the supernatants were collected to measure the protein content of collagen I, collagen II, and PG with ELISA kits (Boyao, Shanghai), Figure 2 . Method for radiographic measurement of disc height index (DHI). The intervertebral disc height is expressed as DHI using the method of Koichi Masuda et al.
14 Average intervertebral disc (IVD) height was calculated by measurements obtained from the anterior, middle, and posterior portions of the IVD and was divided by the average of adjacent vertebral body heights. Changes in the DHI of injected discs were expressed as a percent DHI and normalized to the measured pre-injected IVD height.
HUMAN BONE MORPHOGENETIC PROTEIN 7 TRANSFECTED according to the instructions. The total protein concentration was determined using the method of Lowry. 24 The concentrations were expressed as picogram per milligram (pg/mg).
Statistical Analysis
Statistical analyses were performed using SPSS13.0 (IBM SPSS, New York). Statistical significance was set at a ¼ 0.05. All data were expressed as the mean AE standard deviation (SD). DHI was analyzed with One-Way ANOVA (Mauchly's Test of Sphericity, p > 0.05) and ratio value of the grayscale (RVG) was analyzed with repeated measures. SNK test was conducted between groups and within each group. The biomechanical results, the total score of the histological grading, and the content of collagen I, collagen II, and PG in each group were analyzed with One-Way ANOVA.
RESULTS
NPC Culture and Transfection
The NPCs showed a polygonal-shaped morphology as well as a spindle-shaped one, and spread out gradually during the first 72 h in culture. After continuous culture for 7 days, the morphology of the cells gradually transformed into one that was spindleshaped and fibroblasts-like. The NPCs transfected with rAAV2-hBMP7 did not show any significant change compared with unmodified NPCs. The positive band (564 bp) of the hBMP7 mRNA of modified NPCs was observed on 7 days after the rAAV2-hBMP viral exposure (Fig. 3A) . After staining with PHK-26, the modified NPCs demonstrated the characteristic membrane-associated distribution and red fluorescence of PKH-26 when observed using fluorescent confocal microscopy (Fig. 3B) . The green fluorescence of the NPCs infected with rAAV2-EGFP was also observed under the fluorescent confocal microscope (Fig. 3C) .
Animal Surgery
All canines survived during the operation and the 12-week follow-up period. The operation time varied from 1.5 to 2 h with an average blood loss of 20mL. Two canines suffered from superficial infection in the incision, which was eliminated in one week using antibiotics.
Radiographic and MRI Analysis
No obvious osteophyte formation or endplate damage was found in any of the canines. After the puncture operation, the intervertebral space of the three segments gradually decreased with time. After 8 weeks, the DHI of the three segments were obviously smaller than they were before the operation (p < 0.05). However, there was no significant difference between the DHI of the three segments at 4, 6, and 8 weeks (p > 0.05) (Fig. 4) . After the injection operation, the DHI of groups A and B decreased sharply compared with that of group C at 4, 8, and 12 weeks. However, the differences were not statistically significant (p > 0.05) (Fig. 5) . In terms of intra-group comparisons, the DHIs of each group at 8 and 12 weeks decreased significantly compared with the values before the injection operation (p < 0.05). Twelve weeks after the injection operation (equivalent to 20 weeks after the puncture operation), the % DHI of groups A, B, and C were 63.89%, 67.86%, and 77.3%, respectively, but the differences were not statistically significant (p > 0.05) (Fig. 6) . These results indicate that more than half of the intervertebral space of the three groups had been preserved 20 weeks after the puncture operation.
After the puncture operation, MRI showed that the T2 signal grayscale of the three IVDs gradually decreased with time, suggesting that degeneration had occurred in the IVD (Fig. 7A) . After 8 weeks, moderate degeneration (Grade III, modified Schneiderman's score system) was observed in the three punctured IVDs, and their RVGs were not significantly different (p > 0.05). After the injection operation, the RVG of the three groups continued to decrease during the entire experimental period. However, the decrease in the RVG in groups B and C was slower than that in group A. Eight weeks after the injection operation, the RVG of group A was significant lower than those of groups B and C (p < 0.05). Thereafter, the decrease in the RVG of group B was faster than that of group C. At 12 weeks, the RVG of group B was similar to that of group A and was significant lower than that of group C (p < 0.05) (Fig. 7B) . Meanwhile, the degenerative levels of groups A and B were Grade VII, and that of group C was Grade V.
Biomechanical Analysis
Biomechanical analysis showed that the ROM of flexion-extension bending was not statistically different between the three groups (p > 0.05). The ROM of left bending in groups A and B were larger than that of group C (p < 0.05). The ROM of right bending and left-right rotation in group A were larger than those of groups B and C (p < 0.05), and between groups B and C, the difference was not significant (p > 0.05) (Fig. 8) . The results suggested that the stability of the IVD in group C was superior to that in groups A and B in left-right bending and left-right rotation, and was the same between the three groups in flexion-extension bending.
hBMP7 mRNA Expression Using RT-PCR, positive hBMP7 mRNA expression was detected 12 weeks after the injection operation in the NP tissue of the IVD in group C (equivalent to 20 weeks after the puncture operation). In group B, no hBMP7 mRNA expression was identified. Positive GAPDH expression was detected in groups B and C (Fig. 9 ).
Fluorescent Microscopy Examination
Twelve weeks after the injection operation, a large number of PKH-26-labeled cells were identified in the NP of group C and EGFP-labeled cells were identified in the NP of group B, providing evidence of the existence of exogenous NPCs (rAAV2-hBMP7-NPCs and rAAV2-EGFP-NPCs) (Fig. 10) . However, the fluorescence of these exogenous NPCs was dim and sparse. No PKH-26 or EGFP positive cells were observed in the nucleus pulposus of group A.
General Observation and Histological Evaluation
Different levels of degeneration were observed in the three groups through both general observation and HE staining. The HE and safranin-O staining in group C showed moderately degenerated discs, in which most of the NP contents were relatively well preserved. The NP was mildly collapsed and ovalshaped, and consisted of numerous large, vacuolated cells. The wavy annulus fibrosus was arranged regularly, and the border between the annulus fibrosus and the NP was minimally interrupted. The bright orange color of the NP stained by safranin-O indicated that an abundance of matrix proteoglycan was present. In group A, the HE staining showed very serious degeneration, and most of the NP contents were lost while severe condensation, broken endplates, and ruptured and hyperplastic fibrous tissues were observed. In addition, the positively stained area of safranin-O in the IVD was much smaller and weaker than that in group C. The HE and safranin-O staining in group B showed moderate to severe degeneration, and the degenerative changes were slightly better than that in group A (Fig. 11) .
Semi-quantitative histological scores were 11.5 AE 0.577 for group A, 10 AE 0.817 for group B, and 6.75 AE 0.957 for group C. Statistical analysis showed Figure 4 . The post-puncture disc height index (DHI). After the puncture operation, the intervertebral space of the three segments gradually decreased with time. There was no significant difference between the DHI of the three segments at 4, 6, and 8 weeks (p > 0.05).
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Biochemical Analysis
The ELISA results showed that the PG content and collagen II content of the NP in group C were the highest among the three groups and were significantly higher than those in groups B and C (p < 0.05), with group A having the lowest contents. The collagen I content of the NP in group A was significantly higher than that in groups B and C (p < 0.05) (Fig. 13 ). There were statistically significant differences between the contents of the three biochemical substances in the three groups (p < 0.05).
DISCUSSIONS
IVD degeneration often starts with cellular and biochemical changes in the IVD, resulting in a decline in the number of NP cells and an imbalance between the anabolism and catabolism of disc tissues. With this in mind, we transplanted the NP cells transduced with hBMP7 by AAV2 into a canine disc degenerative model to investigate whether the NPCs-hBMP7 could delay or prevent the degeneration process of IVDs in vivo. Our results demonstrated that the transplanted NP cells were able to survive within the degenerative disc and successfully expressed the growth factor hBMP7, which led to a statistically significant increase in the RVG of MRI, the histological scores, the proteoglycan and collagen II contents of the NP, and improved spinal segmental stability.
Canine was selected instead of rabbit or mice because it was not only conducive to more accurately assess radiographic and MRI changes in the IVD, but also the nutrient transport, disc structure, cellularity, and metabolic rates of the NP were similar to those in humans. 16 Therefore, the metabolic response to therapeutics may differ in large animals (canine) as compared with small animals (rabbit or mice). In theory, NP cells, which were selected to construct seed cells for NP repair, have advantages in cell phenotype and homology compare with other adult cells and stem cells. The hBMP7 gene that was transduced into the NP cells by AAV2 could effectively stimulate the synthesis of PGs and collagen II, which were very important in maintaining the tissue structure and the physiological function of the IVD, as previously reported in our in vitro research. 19 Therefore, the advantage of these energetic seed cells for cell transplantation was not only in supplying the quantity of IVD cells in the degenerative disc to produce ECM intended to re-establish healthy disc function, but also in providing cell factors and signaling cues that ameliorate the unbalanced metabolism of the degenerative disc.
The PKH-26-labeled NP cells (NPCs-hBMP7) were identified in the NP of group C 12 weeks after the injection operation, providing evidence of the existence of exogenous NPCs. Moreover, according to the expression of hBMP7 mRNA, biomechanical analysis, MRI scan, ELISA, and histological results, we confirmed that exogenous NPCs survived and exerted their biological functions effectively in degenerative IVDs for least 12 weeks.
The biochemical results showed increased PG and collagen II contents in the NP that was injected with Figure 6 . Changes in the intervertebral DHI after the injection operation. The percent DHI was measured 4, 8, and 12 weeks after the injection operation. At 12 weeks post-injection, the % DHI of groups A, B, and C were 63.89%, 67.86%, and 77.3%, respectively. The differences were not statistically significant (p > 0.05).
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NPCs-hBMP7 compared with that in the NP injected with only NPCs or saline. The results indicated that the synthesis of PG and collagen II was enhanced significantly by NPCs-hBMP7 in the degenerative IVDs. This result was consistent with that in the in vitro study where hBMP7 increased the contents of PG and collagen II, but did not increase the content of collagen I. 25, 26 PG and collagen II are important components that maintain the histological structure of the NP. However, there were no exogenous cells in group A, and the NPCs and ECM diminished gradually with the degenerative process and were replaced by fibrous tissues, which were mainly composed of collagen I. Therefore, the degeneration of IVDs in group A was more severe than that in groups B and C, a result which was confirmed by histological analysis.
The histological grading scores showed a significant improvement in the NPCs-hBMP7-transplanted discs compared with those merely transplanted with NPCs or injected with saline. A relative dense number of chondrocyte-like cells and plenty of ECM were homogenously stained red by safranin-O, which indicated the presence of abundant PG in the NPCs-hBMP7-transplanted discs. On the contrary, scarce ECM and fibrotic and inhomogeneous tissues were stained a reddish color by safranin-O in the saline-injected discs. Furthermore, both the PG content and histological score reflected the maintenance of integrity in the NPCs-hBMP7-transplanted discs. Because the electronegative charges on the glycosaminoglycans in the PG molecules act as an attracting force for water, 27 an increase in PG content may result in a change in water content, which was directly reflected by the T2 signal grayscale of MRI.
Although the MRI results showed that severe degeneration had occurred in the IVD of the three groups within 12 weeks, the degeneration process of NPCs-hBMP7-transplanted discs was slower and less severe compared with that of the NPCs-transplanted discs and saline control. From the results, we found that the degeneration level and progress of the NPCstransplanted discs were similar to those of the NPCshBMP7-transplanted discs within 8 weeks after the injection operation, and became faster and more severe soon afterwards until the end of the follow-up period. This result indicated that the anti-degeneration effect of the injected NPCs was limited because of the lower cell viability and ability of ECM secretion compared with the gene-modified NPCs. RT-PCR analysis of hBMP7 of nucleus pulposus tissue in groups A, B, and C. GAPDH was used for normalization. The positive band (564 bp) of hBMP7 mRNA of nucleus pulposus tissue in group C was detected at 12 weeks postinjection. However, the positive band of hBMP7 mRNA was not detected in groups B and C.
The DHI of the NPCs-hBMP7-transplanted discs did not increase and no significant differences were observed compared with the other intervention group after the injection operation. These results were different from those of some studies based on small animal models [28] [29] [30] and could be attributed to following four reasons: [31] [32] [33] Therefore, the anti-degeneration effect was limited in moderate degeneration compared with that in mild degeneration. 3. The IVD of small animals have higher matrix water content and a larger number of notochordal cells that persist to older ages; the latter cells exhibit an elevated metabolic activity compared with that of chondrocytic NPCs. Therefore, the metabolic response to therapeutics may differ in large animals (canine) as compared with small animals (rabbit or mice). 4. The relatively short time of observation may have contributed to the result.
In conclusion, the results demonstrated that the implantation of NPCs-hBMP7 effectively maintained the structural integrity, ECM, and biomechanical properties of the degenerated discs compared with the NPCs in the canine annular-puncture disc degeneration model. This study suggested that NPCs expressing hBMP7 induced biochemical changes by anabolic stimulation, which may have resulted in an anti-degeneration effect on the IVD and may prove to be useful in the future as a strategy for disc repair.
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